After the March 2011 Fukushima Daiichi Nuclear Power Plant accident, overseas experts and representatives of international organizations visited Japan to provide advice, technical support, and resources. Several international meetings on radiological protection and health issues have since been held in Fukushima to provide further advice. The content discussed has changed alongside local developments in health-related issues from radiation health effects and radiological protection to risk communication and psychological, public health, and social issues. The support of international organizations and experts has been valuable in implementing public health and support programs in Fukushima. The Fukushima accident showed that after a nuclear accident, authorities need to balance the risks of radiation with other health effects and develop programs to mitigate the overall effects on health (whole-health management), but there was little evidence of the importance of this at the time. Future research should examine international collaboration to assess this.
Introduction
Soon after the Fukushima Daiichi Nuclear Power Plant accident occurred in March 2011, vacillating responses by the administrative authorities heightened public anxiety and distrust in those authorities. Insufficient, inaccurate information about the radiation risk exacerbated the situation. Evacuation-intended to minimize the health risks of radiation exposure-produced other serious health risks, particularly for vulnerable populations. Establishing an evacuation zone around the Fukushima Daiichi nuclear plant resulted in the collapse of the local emergency medical system; this led to difficulties in responding to multicasualty events, such as explosions at the plant, as well as common medical emergencies. Over the 5 years since the accident occurred, the dislocation of hundreds of thousands of citizens has created a wide range of mental, public health, and social issues. 1 The First International Symposium to provide technical assistance to Fukushima was held in September 2011. It was sponsored by the Nippon Foundation and cosponsored by the International Commission for Radiation Protection (ICRP), Sasakawa Memorial Health Foundation, Fukushima Medical Association, Fukushima Medical University (FMU), and the National Institute of Radiological Sciences. 2 Subsequently, 3 symposia were held in February 2013, September 2014, and March 2015. [3] [4] [5] At the time of the accident, an extensive international emergency preparedness and response framework existed 6 ; many experts and representatives of the private sector visited Japan from overseas to assist the national government, Tokyo Electric Power Company (which maintained the Fukushima nuclear plants), and the people of Fukushima by providing advice, technical support, and supplies. Each organization fulfilled its own particular role (Figure 1) , and it is necessary to make an analysis of how these interventions worked for the benefit of Fukushima citizens.
The purpose of this report is to improve understanding of the roles played by international organizations after the Fukushima accident. This report aims to share the experiences of these organizations, discussing interventions conducted, to reinforce collaborative ties in the event of a similar accident in the future.
Methods
There is a shortage of evidence about both health issues and the roles of international organizations in very rare events such as major nuclear accidents. Historically, only the Chernobyl and Fukushima accidents have been categorized as "major nuclear accidents" on the International Nuclear Events Scale (INES). 1 The Preferred Reporting Items for Systematic Reviews and Metaanalyses (PRISMA) Guidelines 7 may, therefore, not suit the evaluation of these activities. 8 Therefore, we drew on reports from the key international organizations-the International Atomic Energy Agency (IAEA), the ICRP, the United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR), and the World Health Organization (WHO)-about their roles after the Fukushima accident. We also carried out a narrative review of support from the point of view of the FMU, which was the liaison point for international assistance on healthrelated issues in Fukushima. We searched PubMed, MEDLINE, CiNii, Google Scholar, and the website with research terms "nuclear accident," "international organizations," or "Fukushima accident."
Results

IAEA: The Role of the IAEA Post-Fukushima
The IAEA is widely known as the world's "Atoms for Peace" organization within the UN family. 9 Set up in 1957 as the world's center for cooperation in the nuclear field, the agency works with its member states and multiple partners worldwide to promote the safe, secure, and peaceful use of nuclear technologies.
Immediately following the accident, the IAEA's Incident and Emergency Centre was activated in Full Response Mode, and the IAEA developed an Action Plan on Nuclear Safety, which was adopted by Member States. Over the 5 subsequent years, the IAEA has sent more than 10 expert missions to Japan with the aims of identifying lessons learned and improving global nuclear safety. The IAEA, in collaboration with many different organizations, has advised and provided support to Japan in several different fields, including the safety and technological aspects of the decommissioning of the plant and other remediation activities.
In September 2015, the IAEA published "The Fukushima Daiichi Accident" consisting of a report by the Director General in 5 technical volumes. 6 The report is the result of a collaboration involving 180 experts from 42 Member States and several international bodies and assesses the causes and consequences of the accident.
The IAEA division of Human Health, in primary collaboration with FMU, has carried out several educational and research projects in radiation, health, and society along with respective STS (Science, Technology, and Society) curriculum development to improve communication with the public about scientific facts, which has become even more evident in the aftermath of the Fukushima accident. 10 While the maintenance of nuclear safety is the responsibility of each individual country, nuclear accidents can transcend borders. The accident at Fukushima Daiichi has highlighted the need for improved international cooperation. Using a STS approach, the IAEA continues to work, independently and in cooperation with other institutions, on improving public communication and promoting the safe and secure use of nuclear technology.
International Commission for Radiation Protection
Since 1928, ICRP has developed the system of radiological protection taking into account the latest scientific knowledge, ethical values, and practical experience. The Commission regularly publishes recommendations on the protection of people and the environment against the harmful effects of radiation exposure.
On March 21, 2011, ICRP released an open message to express its deepest sympathy to those in Japan affected by the tragic events. Two weeks later ICRP Publication 111 on the Application of the Commission's Recommendations to the Protection of People Living in Long-term Contaminated Areas after a Nuclear Accident or a Radiation Emergency was made openly available for free. 11 In June 2011, ICRP launched Task Group 84 to compile initial lessons learned from the accident related to the system of radiological protection. The objective was to advise the Commission to help in developing its ongoing program of work. The Task Group consisted of several ICRP members and Japanese experts who dealt with the accident first hand. The summary report of the Task Group was accepted by the Main Commission in October 2012 and released through the ICRP website in November. 12 Based on the recommendations in this report, ICRP launched Task Group 90 to develop dose conversion coefficients for external exposures to environmental sources, including those that may result from a nuclear accident, and Task Group 93 to update ICRP Publication 109 on the protection of people in emergencies and Publication 111.
In September 2011, 16 ICRP members participated actively in the First International Expert Symposium in Fukushima-Radiation and Health Risks, held at FMU and supported by the Nippon Foundation. 2 Later in the year, following a visit organized by ICRP Committee 4 to the contaminated territories of Belarus, a small group made up of Committee 4 and Main Commission members and the NGO "Radiation Safety Forum Japan" took the initiative to engage in dialogue on the rehabilitation of living conditions after the Fukushima accident. This was done in cooperation with local residents and professionals; representatives of villages, towns, the prefecture, national agencies, NGOs, international agencies; and representatives of Belarusian, Norwegian and French organizations with direct experience in managing long-term consequences of the Chernobyl accident. The objective was to help the people of Japan in this very difficult time while at the same time to transfer experience from communities affected by Chernobyl, facilitate discussions between stakeholders, and deeply understand the challenges in order to improve future ICRP recommendations.
Altogether 12 dialogue meetings took place in various locations in the Fukushima Prefecture between November 2011 and September 2015. 13 The dialogues have addressed topics as diverse as the situation in villages or towns of the prefecture, the education of children, the management of contaminated products, the role of culture and traditions, and the difficult questions for locals of whether to stay or leave the affected areas or for those who have been evacuated to return or not to their homes. In December 2015, ICRP organized a workshop to summarize and share the experiences and main lessons of the Fukushima Dialogue Initiative.
In 2012, the ICRP Main Commission held its autumn meeting in Fukushima City. This was an opportunity for the Main Commission members to visit facilities and meet local officials and inhabitants in order to better understand the various aspects of radiological protection following the accident and the day-to-day challenges faced by the citizens in the affected areas.
Recognizing their existing cooperation and their mutual interest to work together on the development and implementation of joint undertakings related to the accident and its long-term radiological consequences, ICRP and FMU signed a Memorandum of Agreement in 2014. In this context, lectures on the ICRP system of radiological protection, dialogues for public health nurses of the Prefecture, and meetings of ICRP Task Groups or related to them have been organized. Particularly, the second Asian workshop on the ethical dimensions of the system of radiological protection system explored the ethical and social values underlying the recommendations of the system related to nuclear emergencies and post-accident situations. 14 ICRP has also participated actively in the Second, Third, and Fourth Expert Symposia in Fukushima hosted jointly by FMU and the Nippon Foundation. [3] [4] [5] On several occasions during the past 5 years, ICRP responded to formal and informal requests from Japanese organizations and governmental authorities to share information for the mutual understanding of the situation and to provide experience gained following the Chernobyl accident or opinions to aid decisions for implementing protective actions in the affected areas in the Fukushima Prefecture. The lessons learned during this period have been shared and discussed at all 3 of the International Symposia on the System of Radiological Protection organized by the Commission: ICRP 2011 in Bethesda, ICRP 2013 in Abu Dhabi, and ICRP 2015 in Seoul. There is no doubt that more lessons for radiological protection will emerge in the coming years from the Fukushima Daiichi Nuclear Power Plant accident. ICRP has an ethical duty to continue to learn from them.
UN Scientific Committee on the Effects of Atomic Radiation
As the voice of the UN on the levels and effects of exposure to ionizing radiation, the UNSCEAR embarked on a 2-year assessment of the levels and effects of radiation exposure from the Fukushima-Daiichi accident in May 2011, which involved more than 80 leading scientists from around the world. The results were released in a publication titled, "Levels and effects of radiation exposure due to the nuclear accident after the 2011 great east-Japan earthquake and tsunami" in April 2014. It concluded that: overall, cancer rates were expected to remain stable, and no discernible changes in hereditary diseases or rates of birth defects were expected. Nevertheless, it noted a theoretical possibility that the risk of thyroid cancer among the group of children most exposed to radiation could increase and concluded that the situation needs to be followed closely and further assessed in the future. Following its publication, the Committee made arrangements for follow-up activities to enable it to remain abreast of additional information as it was published in the scientific literature. A group of experts reviewed more than 80 publications issued between October 2012 and December 2014 in detail, the results of which were published as a 2015 White Paper. 15 The 2016 White Paper is currently under preparation for discussion at the next committee session in June 2016. Both the report and white paper are available in Japanese.
In its effort to ensure that its findings reach a range of audiences, specifically the most affected communities in Japan, the Committee has conducted a series of outreach events in Fukushima Prefecture as well as in Tokyo. UNSCEAR has a web page dedicated to Fukushima (also in Japanese) at http://www.unscear.org/unscear/en/fukushima.html.
World Health Organization
The primary role of the WHO is to direct international health within the UN system and act as the UN's directing and coordinating authority on international health work. 16 The WHO's objective is that all people attain the highest possible level of health, which the WHO defines as "a state of complete physical, mental and social well-being and not merely the absence of disease or infirmity." The global agenda of the WHO includes the following: promoting health development; fostering health security; strengthening health systems; harnessing research, information, and evidence; enhancing partnerships; and improving performance. In the case of a nuclear or radiological emergency, the role of the WHO is to provide the following: advice and assistance with public health surveillance and monitoring, risk assessment and interventions to protect human health (including food and drinking water restrictions, access to health care services, and acquisition and distribution of pharmaceuticals), diagnosis and treatment of radiation injuries and internal contamination, biological and clinical dosimetry, mitigation of psychological impact, control of food and feed, long-term follow-up programs, and provision of information on matters pertaining to human health.
After the Fukushima accident occurred, the WHO immediately activated its Emergency Response Plan, and it continuously monitored the situation through regional offices (Early Notification and Assistance Conventions, Western Pacific Regional Office, Kobe, media). The WHO engaged with relevant technical programs (eg, Food Safety, Children Health, and Mental Health) and expert networks (Radiation Emergency Medical Preparedness and Assistance Network, International Food Safety Authorities Network) to assess health risks; it also offered advice on public health measures and gave technical support to national authorities with respect to food, water, travel, transport, trade, mental health, and public information. The WHO provided information to the public, governments, and media through various types of public messaging, such as a dedicated website, media statements, press conferences, fact sheets and Q&As, and social networking services (eg, Facebook, Twitter).
In September 2011, the WHO participated in the first international expert symposium at FMU 2 and contributed to subsequent symposia. [3] [4] [5] In December 2012, the WHO published a report on the preliminary dose assessment; that was followed by a report in 2013, which presented a dose and health-risk assessment. 17 In February 2014, the WHO participated in the second FMU-IAEA International Academic Conference in Fukushima. 18 The WHO in March 2015 jointly organized the Third United Nations World Conference on Disaster Risk Reduction in Sendai. The part of Japan that had been badly hit by the Great East Japan Earthquake had shown a vibrant recovery since March 2011. The heads of state and government, ministers, and delegates participating at that conference declared their determination to enhance efforts worldwide to reduce disaster risk and, thus, diminish losses of lives and assets following disasters. 19
Discussion: FMU Perspective on Support From International Organizations
During the confusion immediately following the unprecedented compound disaster, the ICRP issued a statement titled, "Fukushima Nuclear Power Plant Accident" on March 21, 2011. 20 Subsequently, desperate measures were taken to cool and stabilize the nuclear cores. However, local residents had significant concerns about the effects of radiation and appeared at times to be dissatisfied with government efforts and those of various experts. Similar to the situation following the Chernobyl accident, 1 differences in risk perceptions about radiation had a serious effect on the mental health and behavior of residents and on their social lives. The effects on health caused by the emergency evacuation and relocation of hundreds of thousands of people became highlighted as major issues. 1 Commissioned by the Fukushima Prefecture, FMU conducted a health survey of Fukushima residents. 21, 22 The First International Expert Symposium in Fukushima was held in the city of Fukushima on September 11, 2011, to allow FMU to obtain advice from international organizations and experts. 2 This symposium was sponsored by the Nippon Foundation 23 and supported by the Japanese government. The symposium had 4 purposes: to evaluate the health risks faced by people living in Fukushima, support the planned "Fukushima Residents' Health Management Survey," consider new global measures for radiation safety and protection, and contribute to the recovery of Fukushima. Representatives from the IAEA, ICRP, UNSCEAR, and WHO as well as domestic and overseas experts in the field of radiation attended the symposium. Attendees held lively discussions about dose evaluation, health effects of radiation, and radiological protection and exchanged information about the current situation in Fukushima. Unsurprisingly, 25 of the 26 expert presentations concerned the health effects of radiation and radiological protection. Only 1 presentation addressed the aftereffects of nuclear accidents on mental health (Figure 2) .
In recognizing that the cooperation of international organizations is essential when dealing with issues regarding radiation, the symposium made the following conclusion: "International support by organizations including ICRP, WHO, IAEA and UNSCEAR is important in light of their extensive experience in radiation related matters. Collaborations among international organizations should be encouraged and strengthened." 24 After the symposium, ICRP started the dialogue initiatives on November 2011, in cooperation with local residents and local, national, and overseas experts to address diverse topics and issues raised by local residents.
In February 2013, the Second International Expert Symposium in Fukushima discussed interim results from the Fukushima Health Management Survey (FHMS). 3 The proportion of the discussion devoted to radiation-related issues decreased, to be replaced by topics on risk communication and reviews of the medical responses to the accident and education for future planning ( Figure 2 ). After the second symposium, FMU in collaboration with IAEA, Hiroshima and Nagasaki University started to develop medical curricula incorporating risk communication and the STS approach. 10 The third symposium was held in September 2014. There, experts discussed the need to assess not only the health effects of radiation, but also overall health effects of nuclear accidents, including mental, social, and other health risks. 4 In addition, symposium participants examined how international organizations should cooperate with respect to reconstruction. The FHMS and published literature revealed a wide range of health problems unrelated to radiation exposure, such as psychological impact of the nuclear accident and lifestyle-related health problems because of long-term displacement. 1 Held in 2015, the fourth symposium focused on the recovery of Fukushima, and it mainly reviewed psychological issues and the roles of experts and medical professionals in communicating risks with residents. 5, 25 FMU was the only medical academic and research institute in the area affected by the nuclear accident, and it had to work closely with organizations such as the ICRP, IAEA, UNSCEAR, and WHO. During the period of confusion following the accident, FMU received generous support and professional advice with particular focus on radiation issues. As well as collaborating with FMU, the organizations also directly supported Fukushima residents, such as by presenting scientific assessments of local radiation effects, promoting an understanding of radiological protection and radiation-related health risks, and helping alleviate local concerns about radiation.
The health risk from radiation was found to be quite low in Fukushima; however, other serious health concerns were identified. The Fukushima accident revealed the serious health effects of (There are no established objective ways to evaluate these meetings. We have, therefore, categorized the contents of their presentations into 8 areas and looked at changes in proportions of the number of presentations in each category over the 4 years following the accident.) emergency evacuation on vulnerable people. 1, 26 It also emerged that a wide range of health problems caused by long-term relocation (such as Disaster-Related Deaths and lifestyle-related diseases) were much more significant than the direct effects of radiation. 25 These health issues may be better addressed in the framework of public health services. In Fukushima, the local government and municipalities have, until relatively recently, been involved mainly with radiation issues, and resources were not allocated effectively to address other health problems. 27 The Fukushima accident showed that it is essential to balance the risks of radiation with other health effects and to develop specific countermeasures to mitigate overall health risks (whole-health management). 28 After the accident, efforts should have been made to reduce those health risks, though there was little evidence available about them at the time. 1, 29 Future research needs to examine these issues as part of collaborative efforts with international organizations.
